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The purpose of this research was to address current healthcare concerns among the aging 
population. Around the globe, the average life expectancy is projected to continue increasing 
resulting in a higher prevalence of age-related disease. With the ever-increasing capabilities of 
modern technology, it is necessary to apply this technology to increase the health and safety of 
older adults.  
This work had three objectives. The first objective was the establishment of an integrated smart 
home aimed at creating a healthy aging-in-place environment through the use of Alexa. The second 
objective was the development and integration of a completely custom health device that could 
display two-way communication with the voice assistant platform. The third objective was to 
display the telemedicine and education capabilities of Alexa using custom skills implementing a 
variety of Q&A methods. These two Skills would each accomplish a different purpose.  
COTS devices were implemented into the smart home system to show the ease of expanding 
the concept. The custom device created was the Alexa-compatible automatic pill dispenser. It was 
 iv 
 
modeled using the CAD software Solidworks. It was then printed from ABS plastic using the 
Fortus 250mc 3D printer. A custom Alexa Skill was created to interface the pill dispenser with the 
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CHAPTER 1 - INTRODUCTION 
1.1 Motivation 
Consider an elderly person who is 85 years old. They may live alone, or with a partner. At this 
age, there is a higher likelihood of age-related diseases being present or manifesting in the short 
term. Chronic conditions such as dementia, osteoporosis, and cardiovascular disease are 
considered common among this group [1]. Now consider that some senior citizens live in relative 
isolation, and may be visited by a caregiver only once a week. Chronic conditions such as dementia 
and diabetes may be present, requiring around-the-clock care. The risks associated with isolation 
include the patient forgetting to take medications, running out of household supplies, or being 
stranded during a natural disaster. A medical emergency such as a heart attack, stroke, or fall could 
also occur while he or she is unattended. In situations such as this, receiving prompt medical 
attention could be the difference between life and death. For the geriatric patient living alone, a 
greater level of care is required in order to monitor and maintain the current state of health.  
In the past century, the average life expectancy at birth has increased drastically on a global 
scale, a trend which is projected to continue (Figure 1). This marked improvement can primarily 
be attributed to higher quality healthcare and infrastructure worldwide. In 2015, the UN predicted 
that the number of adults over the age of 80 would triple by 2050 [2]. As a result of people living 
longer, a larger percentage of the population will be affected by age-related disease in the future. 
Discovering ways to manage these chronic conditions while also caring for the daily needs of the 
elderly should be a priority, particularly in developed nations where the life expectancy is higher. 
Neglecting to make advances in geriatric healthcare will lead to an excess of age-related disease 





Figure 1: Life Expectancy at Birth for the World and Regions, 1950-2050. 
Data source: United Nations (2015). World Population Prospects: The 2015 Revision. 
 
These circumstances led to the implementation of three objectives for this study. The first 
objective was to integrate a variety of devices to establish a healthy aging environment using 
smart technology. The second objective was to develop and integrate a custom device from the 
ground up. The third objective was to establish a functional system for telemedicine visits and 
healthcare education.  
1.2 Background  
As the capabilities of technologies grow, it is important to apply these technologies in order to 
improve the human condition. The basis for the research in this thesis lies in voice assistant 
technology such as Amazon Alexa, Google Home, and Apple Siri. Widespread exposure to voice 
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assistant technology first occurred in 2011, when the Apple iPhone 4s came installed with their 
proprietary voice assistant, Siri. It wasn’t until late 2014 when Amazon would release the next 
major voice assistant platform, Alexa. It can be seen that this is a relatively new technology with 
still unexplored potential. Voice assistants have improved greatly since Apple introduced Siri, and 
now they are more capable and accurate than ever. There are numerous healthcare applications for 
this technology, as mentioned previously. However, in a typical household, these smart home 
platforms are simply used to assist in everyday tasks as well as to provide entertainment. Since 
Amazon Alexa and other voice assistants are already found in many households, we are seeking 
to expand the use of this technology. With further research into the medical applications of the 
platform, increased health and safety may one day be a primary reason to own an Alexa device. 
There is currently a global focus on health and wellbeing due to the current situation regarding 
the COVID-19 pandemic. Citizens are encouraged to follow the guidelines set by the Centers for 
Disease Control and Prevention (CDC), which include staying at home except when absolutely 
necessary. Many people do not feel safe leaving their home even to go to places where CDC 
guidelines are being followed. The virus is highly contagious and outcomes are unpredictable. It 
is convenient that these smart home devices increased in capability and popularity just prior to the 
outbreak. This increased isolation makes them more useful and more easily accessible.  
Alexa is useful in maintaining good physical and mental health during the pandemic. One of 
its main functions is providing entertainment and connection to others. Being able to easily video 
chat with loved ones, receive news updates, and discover new music can reduce the mental toll 
that results from isolation. It also provides a platform for telemedicine visits, which are especially 
important for disabled patients or those living in rural areas. By applying the Alexa Flashcards 
skill to a telemedicine setting, it is possible to give patients various diagnostic tests that can help 
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determine their physical and cognitive health. One example of this is the Mini-Mental State 
Examination (MMSE). It consists of 11 questions, and it is the most widely used test for dementia 
screening [5]. These 11 questions can be programmed into the Alexa Flashcards skill, allowing the 
test to be given to a patient using the voice and touch recognition on an Alexa device. The score 
can then be calculated by the device to determine the presence and degree of dementia. An example 
showing the Flashcards skill’s capability as a diagnostic tool is provided later in this thesis.  
Even as the world attempts to recover from the pandemic through isolation and vaccination, 
these medical uses provide great utility and convenience. Alexa’s importance as a tool for tracking 
health parameters will continue to be indispensable. As of March 28, 2021, 51 million Americans 
have been fully vaccinated [6]. The most effective of the vaccines, produced by Pfizer, has been 
shown to be 95% effective [7]. Therefore, those who are most susceptible and cautious of the 
disease should continue to monitor their vital signs on a daily basis.  
The discovery of COVID-19 variants in many countries has added to the uncertainty of the 
global situation. In late 2020, two variants were discovered. The first was named B.1.1.7, and was 
discovered in the UK. Another was discovered in South Africa and was named B.1.351. These 
variants were later found to be more transmissible than the original COVID-19 virus [8]. In 
addition, it was found that infection by the South African variant is not prevented by the 
AstraZeneca vaccine [9]. Infection by these variants is dangerous, and early diagnosis may be 
important in preventing more severe illness. Tracking any such changes in body temperature, heart 
rate, and blood pressure is simplified using Alexa-compatible technologies.  
1.3 Methodology 
The goal of this study was to develop an integrated home healthcare system headed by voice 
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assistant technology. This system provides a single platform for monitoring health, diagnosing 
health issues, preventing accidents, and maintaining a comprehensive healthcare regimen. For this 
project it was important to select the correct devices that would be able to perform the necessary 
function and effectively collect data on vital signs.  
The first step was to select a voice assistant platform in order to integrate the various devices. 
The platform was to be either Google Assistant or Amazon Alexa due to their superior 
functionality. It was important to select an easy-to-use platform that would make an attractive 
addition to the home in terms of price and capabilities. To perform all functions in this study, a 
video display is required. The most cost-effective device to accomplish this is the Alexa Echo 
Show 5, priced at $50. The comparable Google Nest Hub is priced at $100. The two different voice 
assistants were tested to determine the ease-of-use and accuracy of the responses. It was 
determined that Google had more information available to provide accurate responses to questions, 
however both platforms performed sufficiently. The final factor in making the decision was the 
effectiveness of the custom programs that can be run on each voice assistant platform. Google calls 
these custom programs ‘Actions’, while Amazon calls them ‘Skills’. These programs can be quite 
versatile. Both platforms allow 911 calling to be enabled, and both can be connected to certain 
healthcare devices. There are some Alexa Skills, however, that have now been made HIPAA-
compliant. This was a hurdle that previously prevented the company from developing medical 
projects [10]. HIPAA is a series of regulatory standards that outline the lawful use and disclosure 
of protected health information [11]. HIPAA-compliant Skills permit Alexa to store and transmit 
personal health information privately. These Skills have unique capabilities as to the healthcare 
tasks they can perform. These capabilities include accessing health records and managing 
prescription medications. The decision to use Amazon Alexa was ultimately made based on the 
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fact that it is the only HIPAA-compliant voice assistant. The price difference in the two voice 
assistants was also noteworthy. However, technology prices frequently change as new devices 
become available and companies compete with one another.  
After selecting a voice assistant, the next step was to select which healthcare devices would be 
included in the home healthcare system. In order to integrate the devices, they would need a unique 
Skill to make them compatible with Alexa. For cost-effectiveness and ease of utility it was decided 
to use some commercial off-the-shelf (COTS) devices. The Omron 5 Series Blood Pressure 
Monitor was used to keep track of heart rate and blood pressure. The Withings Body+ smart scale 
was used to track body weight and metrics. These two devices come installed with an Alexa Skill 
that allows them to be compatible right out of the box. Another device in our smart home system 
is the C by GE smart bulb which can be turned on and off using voice commands. This was 
included to show the wide-ranging capabilities of Alexa and how it can be used for safety and fall 
prevention.  
A plan was then needed for the construction of the custom automatic pill dispenser. The 
Raspberry Pi is a small single-board computer that can be used for a variety of programming and 
engineering tasks. Its compact size makes it ideal for applications such as this where the finished 
project should be rather small. This computer was programmed to properly control and power the 
electronic components of the pill dispenser. It was also programmed to have its own Alexa Skill, 
which allows the user to ask Alexa for information on dosing times for the medication. All 
programming was done in Python, a high-level and general-purpose programming language. After 
connecting and testing the hardware, the pill dispenser itself needed to be designed. The prototype 
was modeled using the computer-aided design program SolidWorks. It was then constructed using 
3D printing with ABS plastic.  
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CHAPTER 2 – LITERATURE REVIEW 
 
2.1 Common Illnesses and Quality-of-Life Issues Affecting the Elderly. 
In order to engineer healthcare solutions for the elderly, it is necessary to know the common 
illnesses and quality-of-life issues that they face. This knowledge will allow the engineer to target 
a particular illness and design products that are ideal for alleviating the associated issues. 
Furthermore, by recognizing the most common diseases and causes of mortality, it creates the 
opportunity to design a product that will help the largest number of people.  
Heart disease is the leading cause of death in the United States, responsible for about 1 in 4 
deaths [12]. For the 60-79 age group, 19.9% of men and 9.7% of women have heart disease [13]. 
These patients may require various surgical procedures or medications such as statins and beta-
blockers. As the disease progresses patients often receive supplemental oxygen due to the 
weakened heart not being able to pump enough blood to the pulmonary system. This results in 
reduced physical endurance and often necessitates the use of walkers and/or wheelchairs. Our 
smart home system would be able to help these patients by tracking their vital signs, controlling 
their medication intake, and preventing falls around the home.  
Another leading cause of death among the elderly is dementia. In 2017, a total of 261,914 
deaths attributable to dementia as an underlying cause of death were reported in the United States. 
Dementia is a term that refers to an impaired ability to remember, think, or make decisions. 
Alzheimer’s disease is the leading cause of dementia and was responsible for 46% of dementia-
related deaths [14]. Due to the nature of the problems that come with dementia, the Alexa smart 
home system would be very useful for these patients and their caregivers. The Alexa device itself 
can provide easily accessible reminders for daily activities and health checks. Integrated healthcare 
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devices can store any data that is obtained. The pill dispenser component can control pill intake 
and remind the patient or caregiver to access the medication after it is dispensed. Additionally, 
using the Flashcards skill it is possible to track the deterioration or improvement of cognitive 
function by giving tests specifically for dementia patients.  
Falls are the leading cause of injury-related death among adults age 65 and older. Fall death 
rates among these older adults increased about 30% from 2009 to 2018 [15]. Sometimes these falls 
may be the result of a medical condition such as osteoporosis. Another possibility is that the fall 
can be caused by taking a medication that affects motor skills. Today, opioid pain medications and 
anxiety medications such as benzodiazepines are frequently prescribed to the elderly. Among 
adults age 65 and older, 6.2% were prescribed benzodiazepines in 2015. The rate of prescription 
opioids was 10.0%. These prescription rates showed a substantial increase from 2007 data [16]. 
To prevent falls around the home, our smart home system uses a voice-controlled smart bulb 
and an automatic pill dispenser. Being able to turn on the light using one’s voice can increase 
safety for seniors navigating their home at nighttime or when waking up early in the morning. The 
pill dispenser will only dispense at the set dosing times, and will alert the patient when the pills 
are available. This will prevent the patient from taking the medication at the wrong time, or taking 
too much of the medication. If a fall does occur, it is possible to set up Alexa to dial 911 using 
voice commands. The problem with this is that the fall victim may be unconscious or outside the 
range of the Alexa device. Our system could be further improved by adding technology that can 
detect falls. This could be a COTS device such as an Apple Watch or iPhone, which both come 
equipped with a gyroscope and accelerometer used for determining position. Another possibility 
is to include a more complex laser-based system for fall detection. In the future, it would be ideal 
for the chosen fall detection system to communicate with Alexa and automatically dial 911 if there 
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is no response from the victim.  
Physical issues are the typical focus when speaking about the health of senior citizens. 
However, any physical problems can be exacerbated by existing mental health issues. It was 
reported that seniors with consistent feelings of loneliness have a 14% higher risk for premature 
death due to chronic loss of restorative sleep, elevated blood pressure, and depression [17]. Alexa 
provides a way to video chat with friends and family and can add to a sense of connectedness due 
to its many features. It also provides a unique platform for telemedicine visits and therapy sessions 
which can be utilized even by those in rural communities. 
2.2 Medication Mismanagement  
More than half of adults 65 and older (54%) report taking four or more prescription drugs [18]. 
This creates risk for the provider or patient making a medication error. It is possible to forget, take 
too much, or take the wrong drug. There is also room for error when the patient may not realize he 
or she is running low on a particular drug. Running out of a vital drug could result in an emergency 
room visit. Each year 7,000 to 9,000 people die in the United States as a result of a medication 
error. The cost of looking after patients with medication-associated errors exceeds $40 billion per 
year [19].  
Medication mismanagement was the primary motivation for including the Alexa-compatible 
automatic pill dispenser in the smart home system. It reduces the risk associated with taking 
medication by dispensing only at a set time, and informing the patient when the medication is 
ready. Simply refill the device once a week and all the patient has to do is take the medication that 
is available when notified. The risk of medication mismanagement could be further reduced by 
programming the device to notify the patient if the medication is forgotten. Another useful feature 
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would be for the pill dispenser to detect when the medication is running low, and assist in ordering 
more medication through Alexa. 
2.3 Examining the Modern Aging Environment 
The modern aging environment varies for different senior citizens. Therefore, the needs of 
geriatric patients can also be quite different. An important factor is whether or not the patient is 
located in an urban or rural community. It can be difficult to provide patients in rural locations 
with adequate healthcare. Many seniors choose to live in nursing homes. This can be a good 
decision for a senior regarding their health, but may be infeasible due to financial circumstances. 
Finally, some continue to live at home with the help of a caregiver. This can also be good for a 
geriatric patient’s health, but often results in unwanted caregiver burden. 
2.3.1 Healthcare Differences Between Urban and Rural Communities 
More than 15% of the population live in rural areas [20]. Of those that live in rural areas, over 
half are over the age of 50 [21]. The quality of healthcare is often reduced compared to those living 
in urban areas. Rural populations have higher rates of mortality and more uninsured residents under 
the age of 65 [22]. Analyzing barriers to healthcare and comparing the healthcare environments of 
rural and urban communities will enable us to make relevant advancements to improve their 
situation.  
The greatest barrier by healthcare providers in both urban and rural communities is having a 
limited number of providers, specialists, and consultants. This effect is especially pronounced in 
rural communities. There are often longer wait times to be able to see a doctor. It was found that 
the more specialized the provider, the worse the national per capita ratio for rural areas [23]. This 
requires patients to travel far distances to access specialized care, or choose to receive specialized 
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care from their general practitioners who may or may not have the experience and training 
necessary to carry out those services. Excessive trouble accessing healthcare will always result in 
worse outcomes when compared to more efficient systems.  
Another struggle in rural communities is patient confidentiality and overlapping roles for 
healthcare providers. It has been stated that, “in the rural setting, no clear separation exists between 
practitioners’ personal and professional roles and lives [24].” In communities where everyone 
knows each other, it is difficult to keep sensitive medical information private [25]. This increased 
pressure to maintain confidentiality and separate personal and professional lives creates an 
unsettling dynamic within the healthcare system. Providers are often solicited for medical counsel 
when seen around the community. Also, it causes concern among providers that some patients may 
avoid seeking care in order to protect their private information [24].  
Patient avoidance of care is another serious concern among providers in rural areas. Providers 
confirmed that their patients avoided care for various reasons including greater acceptance of poor 
health, values of independence, and stigma associated with illness [26]. There is an increased 
stigma associated with mental illness in particular [27]. In rural communities, seniors who are 
capable of receiving adequate healthcare may not take the steps to do so. It is necessary to educate 
the community about physical and mental disabilities and teach them how to empathize and care 
for these members of their community. Community programs targeted to help those living with 
disabilities could also be useful in eliminating the social stigma.  
These social reasons for avoiding care along with geographic limitations and confidentiality 
concerns create a less-than-ideal aging environment for seniors with illnesses and disabilities. It is 
unreasonable to expect those living in rural conditions to move to an urban area in order to have 
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better access to care. It is up to the healthcare system to accommodate the unique needs of the 
individuals within these communities. Telemedicine can go a long way in improving the quality 
of care. Virtual doctor’s appointments add an additional layer of privacy that would be useful to 
many of these senior citizens who are aging in place. For those who are not able to travel the long 
distance to see a provider, satisfactory care can often be provided through virtual visits. Increased 
availability of telemedicine in rural areas could also contribute to a reduction in the social stigma 
surrounding physical and mental health issues. 
2.3.2 Analyzing the Effectiveness of Nursing Home Healthcare 
There are 1.4 million people across the nation living in nursing homes [28]. An analysis of 
Medicare claims by nursing home and at-home healthcare beneficiaries provides information on 
the effectiveness of nursing home care. After one year, 77.% of home health beneficiaries were 
alive compared with 76.2% of nursing home beneficiaries. Home health beneficiaries averaged 0.2 
hospital visits and 0.1 emergency department visits more than nursing home beneficiaries. Acute 
care costs were not statistically different [29]. From this data it can be seen that health outcomes 
for these two groups did not vary by a large degree, indicating that the quality of care is similar in 
both environments.  
Unfortunately, nursing home expenses are typically not covered by Medicare and can be cost-
prohibitive. According to financial advisory reports in 2018, the median price for a private room 
in a nursing home costs around $8,300 per month [28]. This expense is often unsustainable even 
for families of higher socioeconomic status. In order to provide nursing home care as a viable 
option for those who have no other option, reducing associated costs should be a top priority. 
Reducing nursing home costs is a challenging task, as the quality of care received may be 
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dependent upon expenditures. In an analysis of 132 VA nursing homes, it was found that higher 
quality was associated with higher predicted cost [30]. It is understandable that around-the-clock 
care would cost more than at-home healthcare. However, given the statistics comparing health 
outcomes for nursing home patients and at-home care patients indicates that one environment is 
not convincingly superior to the other. The increased cost of nursing home care would be justified 
by the presence of better health outcomes. An effort should be made to reduce nursing home costs, 
particularly among lower-income communities.  
Adopting the healthcare technology strategies outlined in this thesis could result in reduced 
nursing home costs and improved quality of care. By creating a more efficient, well-monitored 
environment, nurses will have more time to attend to high-priority tasks. Reminders and 
convenient scheduling reduce the chance of error by either the provider or patient. Utilizing 
preventative measures such as smart bulbs and advanced fall detection systems could result in 
reduced hospital visits and mortality. More savings could result from effective telemedicine visits, 
particularly in rural communities where residents must be transported a distance to seek specialized 
care. 
2.3.3 Caregiver Support and Caregiver Burden 
Another aspect of the modern aging environment is the widespread caregiver support across 
the United States. Informal caregivers are unpaid individuals, while formal caregivers are paid 
care providers. Approximately 43.5 million Americans have provided unpaid care in the past 12 
months. Of these caregivers, 85% care for a relative or loved one [31]. Unpaid caregivers in 
particular provide an invaluable benefit to society. Implementing healthcare technology has the 




Figure 2: Hours Dedicated to Caregiving Separated by Caregiver Age. 
Data source: Partnership for Solutions. (2004). Chronic Conditions: Making the Case for Ongoing Care. 
The value of services provided by informal caregivers had an estimated economic value of 
$470 billion in 2013 [32]. Interestingly, the average hours of care provided each week increases 
as the age of the caregiver increases [33]. This is due to the fact that the majority of unpaid 
caregivers provide care for a spouse or loved one. Therefore, older caregivers are more likely to 
care for older patients who require frequent assistance.  
On average, caregivers spend: 13 days each month on tasks such as shopping, food preparation, 
housekeeping, laundry, transportation, and giving medication; 6 days per month on feeding, 
dressing, grooming, walking, bathing, and assistance toileting; and 13 hours per month researching 
care services or information on disease, coordinating physician visits or managing financial 
matters [34]. Unfortunately, many informal caregivers do not wish to be in the position of 
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providing healthcare services. 57% of caregivers report that they do not have a choice about 
performing clinical tasks [35]. These caregivers must assist their loved ones or else they would be 
left helpless. The services provided by informal caregivers are invaluable to society. The 
implementation of promising technological advancements could make their job easier. Lessening 
the caregiver burden could increase productivity of society by allowing these unpaid caregivers to 
allot a portion of their caregiving time to other tasks.  
Needless to say, many caregiving tasks fall outside the realm of clinical care, and therefore are 
not within the scope of this thesis. However, the methods described herein could be effective in 
increasing the quality of at-home care and reducing caregiver burden. Telemedicine visits, ease of 
ordering food and medical supplies, and an automatic pill dispenser are useful and logical time-
saving options. Elderly caregivers who provide care for their spouses would also receive the health 
benefits of the smart home healthcare system. 
2.4 Current Use of Technology by the Elderly 
It is considered common knowledge that the elderly does not use technology as frequently as 
the younger population. Issues with familiarity, unwillingness to ask for help, lack of trust in the 
technology, privacy, and design challenges are among the factors limiting use of technology by 
seniors for healthcare decision making [36]. However, this perception may soon be changing as 
technology becomes more prevalent in our day-to-day lives. For the 65 and above age group, about 
85% own a cell phone, and 46% of those own a smartphone [37]. This is promising information 
for our Alexa-integrated system as it indicates the elderly are not as avoidant of technology as they 
once were. It also indicates that the functionality of the system would be familiar to a large portion 
of geriatric patients.  
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In addition to cell phones, seniors have also shown interest in wearable health devices. 80% of 
seniors expressed interest in using such devices, according to a study assessing the perception of 
mobile and connected health technologies [38]. Wearable devices are a simple and useful addition 
to the Alexa system. Most have the technology to provide data on heart rate and sense when a fall 
has occurred. If seniors are enthusiastic about the trend of wearable health devices, it seems 
probable that they would also be interested in using a smart home healthcare system. This is good 
news, as the effectiveness of the system is ultimately dependent on how committed the patient is 
to using it. However, due to some of the technological barriers, it may be difficult for an older 
individual to set up the system for themselves. This is not a problem, as a caregiver, family 








CHAPTER 3 – INTEGRATION OF COTS TECHNOLOGIES TO DESIGN THE 
ENVIRONMENT FOR SMART AGING-IN-PLACE 
3.1 Why Use Commercial off-the-shelf Technology? 
The utility and cost-effectiveness of our smart home system were greatly improved through 
the use of COTS technology. The term ‘COTS technology’ refers to pre-existing hardware and/or 
software components that are available for purchase from commercial sources. Hardware refers to 
the physical components that make up the device such as the CPU and motherboard. Software 
refers to the intangible components of a device such as the programs and operating system. 
Because of their rapid availability, lower costs, and low risk, government agencies and business 
firms have been urged to use COTS products when available [39][40]. 
The time- and cost-saving benefits of COTS devices are the primary reason behind their use. 
The economics differ between COTS hardware and software. Hardware renders an additional cost 
for each physical copy that is produced. This cost is then passed on to the consumer and others in 
the supply chain. However, there is virtually no cost associated with creating copies of pre-existing 
software, placing a high value in the reuse of COTS software. The value of software reuse was 
first identified in the 1970s and 1980s. This resulted in the advent of Japanese ‘software factories,’ 
in which software is cooperatively developed by a large number of people [40]. This involves 
utilizing portions of pre-existing programs, which are combined and modified to develop a new 
program. In the 1990s, object-oriented software increased the feasibility of integrating separately 
developed software components [41].  
There are also benefits shared by both COTS hardware and software. It is a prudent decision 
to use this available technology when it suits the desired purpose. In order to individually develop 
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the COTS products used in this study would be costly and time-consuming. The costs for 
companies to develop commercial products are lower because these development costs are shared 
among many users. In addition to saving time, the use of COTS products simplifies the process of 
integrating many devices. The integration of numerous individually-developed devices would be 
more difficult when compared with using Alexa. By using Alexa as our smart home platform, it 
becomes simple for even the patient to integrate the various devices and access any data that is 
stored. Furthermore, COTS products are tested by a large number of individuals. Any bugs that 
are discovered are typically resolved by the producer, reducing the chance of unforeseen 
technological issues during our set up [41]. 
3.2 Selection of the Smart Home Platform 
At the center of our healthy aging-in-place environment is a device termed a smart home 
platform. These devices use voice-assistant technology to perform a variety of functions. Most of 
these are common everyday functions such as accessing news/weather updates and listening to 
music. However, they are also capable of the more specialized functions. In this study, the smart 
home platform is the central platform for the integration of healthcare devices. It also performs the 
task of a voice-activated database, storing health data in one convenient location and providing 
customizable reminders. Companies retailing smart home platforms typically have a model 
equipped with a touch screen and speaker, as well as a more cost-effective model that only has a 
speaker. For this smart home environment, it is recommended to use a model with a touch screen 
display, as it is necessary for telemedicine visits, video calls from family/caregivers, and tests that 
require the patient to select an image on the screen. The touch screen is also useful for viewing 
graphical plots of health measurements.  
In order to select a smart home platform, the three main competitors in at-home voice assistant 
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technology were compared: Amazon Alexa, Google Assistant, and Apple Siri. All three smart 
home platforms are highly functional and serve the same intended purpose. Of the three voice 
assistants, Apple Siri was the first to be eliminated. This was due to the fact that none of the Apple 
Homepod models, which feature their proprietary voice assistant, come equipped with a touch 
screen display. However, it was recently reported that Apple is working on developing new 
Homepod models with screens and cameras [42]. It is reasonable to assume that in the future Apple 
Siri could be a viable substitute for Amazon Alexa in the smart home environment. 
Google Assistant and Amazon Alexa were extensively tested and compared. The devices used 
in this comparison were the Google Home Mini and the Amazon Alexa Echo Dot. Both are models 
without a touch screen. Upon firsthand use, both voice assistants showed great utility and common 
features. The setup for each device was quick and straightforward. Simple voice commands were 
intuitively delivered and typically resulted in an accurate response. Google Assistant appeared to 
be more accurate in providing answers to complex questions. Indeed, in a 2019 study of seven 
different voice assistants in which 5,000 different questions were asked, Google Assistant was 
found to be the most accurate. Amazon Alexa was the second most accurate [43].  Ultimately, both 
voice assistants were found to be sufficiently accurate, and accuracy was not a determining factor 
in choosing between the two. 
When designing the smart aging-in-place environment, we placed a priority on implementing 
COTS devices which were economical. By selecting low-priced options, the system becomes 
financially attainable for a larger number of people. The price of Google Assistant and Amazon 
Alexa were also compared for this reason. The most cost-effective device which could accomplish 
all functions in this study is the Alexa Echo Show 5, priced at $50. The comparable Google Nest 
Hub is priced at $100. This is a reasonable price to pay for the high functionality of these devices, 
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and it was decided that the slight price difference should not be a determining factor in selecting 
the smart home platform. Furthermore, technology prices are frequently changing, and the 
cheapest option at the time of this study may not be the cheapest option in the future. In the end, 
the decision to use Amazon Alexa was made due to a single difference.  
Amazon Alexa is the only HIPAA-compliant voice assistant. At the time of this writing, there 
are six HIPAA-compliant Amazon Skills. Amazon has worked closely with healthcare companies 
to develop these promising Skills. One such Skill is KidsMD, developed by Boston Children’s 
Hospital. This Skill allows discharged patients to ask specific case questions to a medical team. It 
also allows a doctor to monitor the patient’s recovery progress. Amazon is also working with 
Express Scripts and Cigna to develop Skills assisting in prescription management [44]. These are 
examples of the potentially life-saving HIPAA-compliant Skills which can be developed and 
installed onto an Alexa device. In September 2020, Amazon opened applications for additional 
HIPAA-compliant skills to be developed [45]. Expanding the list of HIPAA-compliant Skills 
would further increase the healthcare capabilities of Alexa devices, and would attract users who 
intend to use them for such purposes.  
As voice assistant technology becomes more prominent, it is hopeful that there will be less 
restrictions on the development of HIPAA-compliant programs. This responsibility ultimately falls 
upon the producers of these technologies to ensure that all sensitive health information is secure 
and is not misused. Among voice assistants, Amazon Alexa is the leader in information protection. 
The prospects of integrating life-saving, HIPPA-compliant Skills into our smart home system in 




Table 1 - Summary of Voice Assistant Comparison. 
 
 
Two Alexa devices, the Echo Show 8 and the Echo Show 5, were used in this study. It was 
decided to include two smart home devices in order to show examples of communication between 
the two. Video/phone calls can be made from one device to the other, or to Alexa devices in other 
households. This can be useful for immobile patients who need to communicate with a family 
member or caregiver in another room. Furthermore, having Alexa devices throughout the home is 
essential for constant use. All devices which were integrated into the smart home environment can 
be voice-controlled and accessed using either Alexa device. This means that health data stored on 
one Echo can be accessed from the other Echo. Additionally, smart bulbs around the home can be 
turned on from any room. It is worth noting that the number of Alexa devices used will not impact 
the functionality of the voice assistant or integrated health devices. Using only one Alexa device 





Figure 3: The Amazon Alexa Echo Show 8 and Echo Show 5 Used. 
 
3.3 Selection of Other Health Devices 
In order to create a healthy aging environment with a simple yet effective layout, select COTS 
devices were included in the system. The integration of these COTS devices also shows Alexa’s 
capability as a central platform for managing health. Priority was placed on the integration of 
health devices that would be useful for a wide range of elderly patients. For devices to be Alexa-
compatible, they must be Bluetooth-enabled. To interact with Alexa, any device will require a 
custom Skill. Many products are commercially available that come equipped with such Skills. 
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Integration of such products is simple, and only involves installing the Skill on a smart home 
device. These custom Skills can also be programmed by any Alexa user using the Alexa Skills Kit. 
These individually developed Skills can make any Bluetooth device Alexa-compatible. An 
example of this is shown with our custom-built pill dispenser. 
A blood pressure monitor is an essential health device to have in any home, particularly for 
older adults. These devices measure blood pressure and pulse, important vital signs. The risk of 
high blood pressure increases with age [46]. Also, diseases that occur more frequently later in life 
may affect heart rate. Closely monitoring these vital signs can give insight into the onset or 
worsening of a variety of medical conditions [47]. In addition, medications used to treat health 
problems in older adults can affect vital signs [46]. Due to the large number of medications taken 
by some older adults, it is useful to know if any of the medications are affecting the patient’s heart 
rate and blood pressure, and to what degree. The device used in this study was the Omron 5 Series 
Upper Arm Blood Pressure Monitor. It comes equipped with the Omron Health Skill, which allows 
for easy connection to the Alexa Echo Show. The device will also inform the user if blood pressure 




Figure 4: Omron 5 Series Blood Pressure Monitor Indicating High SYS Reading. 
 
Body weight is another important health statistic to keep track of. Studies suggest that in older 
adults, unintentional weight loss is predictive of mortality [48]. Furthermore, data from studies of 
acute hospitalization in older adults suggest that up to 71% are at nutritional risk or are 
malnourished [49]. Body weight measurements taken at the same time daily can be useful in 
diagnosing unhealthy weight loss. The scale used in this study is the Withings Body+. This device 
also comes equipped with a custom Alexa Skill, Withings Health Mate. The Alexa Skills for both 
the blood pressure monitor and the scale will automatically record each measurement on a timeline. 





Figure 5: Withings Body+ Scale. 
 
Due to the fact that falls are the leading accidental cause of death among the elderly, we decided 
to show how the Alexa-integrated smart home environment can prevent falls or help treat them 
after they occur. It was decided to include an Alexa-compatible smart bulb, C by GE. The bulb 
looks and functions like a normal bulb, however it can be turned on and off using voice commands 
directed at Alexa. This is a useful safety feature for elderly patients moving around the home at 
nighttime, or for those who wake up before sunrise. The lights can be turned on prior to entering 
a room, or getting out of bed, reducing the chance of a fall. For compatibility with Alexa, the C by 
GE smart plug is also needed. As for calling emergency services, Alexa is not able to dial 911 out 
of the box, but can gain this capability through some workarounds [50]. The ability to dial 911 




Figure 6: C by GE Smart Bulb and Smart Plug. 
 
3.4 Integration of COTS Devices 
In order to establish the integrated smart home environment, it is necessary to connect 
additional devices to the smart home platform. This process is relatively simple for COTS devices 
with built in Alexa-compatibility. These products are all Bluetooth-enabled, and feature built-in 
Alexa Skills specific to their function. Because of this, the integration process is similar for all of 
the COTS devices used in this study.  
For the Withings Body+ Scale and the Omron 5 Blood pressure monitor, the respective Skills 
needed to be installed on Alexa. These were are Withings Health Mate and Omron Health. After 
installing the skills, the pairing button is pressed on the COTS device and is detected by Alexa. 
After pairing, the device is ready for use. Voice commands can be given using the installed skills, 
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and recorded data will be stored within.  
To be compatible with Alexa, the C by GE smart bulb must be connected to the C by GE smart 
plug. Without the smart plug, the bulb can only be controlled from the phone app. To setup Alexa-
compatibility, first connect the smart plug to an outlet. Then, connect the smart bulb to the plug. 
Install the C by GE app on the Alexa device. Insert the Alexa device’s info in the phone app, and 
this will connect the devices. Now Alexa can toggle the light and control its brightness using voice 
commands. Multiple smart bulbs can be placed throughout the home and respond to different voice 
commands i.e. “turn on the ‘living room light’ or ‘bedroom light.’” 
The integration of Alexa-compatible devices is straightforward. This allows individuals to 
setup the smart home environment, even if they are not skilled with technology. The ease of 
Bluetooth connection eliminates the need for additional hardware, providing simplicity and 
reduced cost. It is also possible to integrate custom devices or COTS devices which are not built 
with Alexa compatibility. This is done by programming new Alexa Skills using the Alexa Skills 
Kit. This entire setup is reasonably priced considering the benefits provided.  




CHAPTER 4 – DEVELOPMENT OF ALEXA-COMPATIBLE AUTOMATIC PILL 
DISPENSER 
4.1 Motivation 
It was decided that an automatic pill dispenser would be the best option for showing the 
integration of custom devices. The process used for integration of the pill dispenser would be 
similar for other devices which also do not feature built-in Alexa compatibility. To do this, the 
device must be Bluetooth-enabled. Programming the device with a custom Alexa Skill will allow 
it to communicate with the smart home platform and perform the desired functions. 
Medication is often essential in geriatric healthcare, with many older adults taking multiple 
medications daily. Problems resulting from dosing errors are a serious issue and result in fatalities 
each year in the United States. As a result, the automatic pill dispenser is a central component of 
the healthy aging-in-place environment. The goal of the pill dispenser is to reduce hospital visits 
and mortality resulting from dosing errors. Improving the ease with which patients can manage 
their medication could save lives and reduce caregiver burden. 
Another quality which made a pill dispenser the ideal device to include is the fact that they can 
be highly customizable. For example, the final design produced in this study is quite small, with 
dimensions of 3.75” x 3.75” x 4.00”. However, the design is completely scalable, and could be 
increased in size to accommodate large amounts of medication or monthly refill cycles. This can 
be done without adding any additional components beyond the ones incorporated in this design. 
Furthermore, the concept can be expanded to include additional features such as a lockable pill 
reservoir or video recording. This would be good for safety, and monitoring when the pills are 
being taken. Due to the use of the Raspberry Pi for control and the power of the Alexa Skills Kit, 
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the capabilities are almost endless. In time, pill dispensers may be able to detect when few pills 
remain in the device and automatically order another prescription before it runs out.  
There is a bright future in store for these devices. Amazon is partnering with online pharmacies 
to provide easy access to prescription medication using new Alexa Skills which are in 
development. These Skills will be HIPAA-compliant allowing for the approved use of protected 
health information. This allows the patient to monitor and order their prescription medication. By 
using an Alexa-compatible pill dispenser, the possibilities grow further. Combined with a HIPAA-
compliant Skill, these devices could become an all-in-one system for medication dispensing, 
ordering, and monitoring.  
There are currently no commercially-available Alexa-compatible automatic pill dispensers. 
Without Alexa-compatibility, it would be very difficult for a pill dispenser to achieve all of these 
capabilities. Furthermore, the automatic pill dispensers which are commercially available tend to 
be rather large. The design produced in this study is small, but can dispense medication twice a 
day for a week requiring a refill. This is a reasonable amount of time for a caregiver to return to 
check on the patient and refill the pill dispense. However, the design has the potential to be 
increased in size in order to increase capacity.  A few different sizes could be made available to 
consumers to accommodate the needs of any patient. 
4.2 Design Considerations 
Prior to using Solidworks to create a 3D model, the design first needed to be conceptualized. 
This included deciding on which electrical and mechanical components would be used. After 
deciding on components, the physical device itself was considered. The device must be capable of 
housing the various parts. Electrical components must be positioned in a way which will allow for 
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wired connections to be made during assembly. Various parts and cutouts would need to be created 
in order to effectively dispense medication.  
The Raspberry Pi 4 Model B was chosen for the integration of parts and providing software 
capabilities. It is a small (85.6mm x 56.5mm) computer with a modular design. Powered by a 5V 
USB-c connection, additional devices can be connected to it’s a 5V power pins. The computer 
functions like a desktop. A keyboard, mouse, and monitor can be connected and used to surf the 
web or write code in Python for example. The Raspberry Pi features general purpose input/output 
(GPIO) pins which can be programmed to accomplish specific functions according to what 
component is connected. Furthermore, the device is Bluetooth-enabled, allowing for it to be made 
compatible with Alexa. All of these features made it the ideal platform to use for the control. 
 




The second feature to consider was the dispensing mechanism, which also involves the 
separation of doses. The hardware components used in this assembly must be positioned according 
to the dispensing mechanism. As such, it was a central focus in the design process. A carousel 
design was used for this purpose. The circular carousel includes 16 perpendicularly-attached walls, 
separating it into 15 compartments. Gravitational force assists in the dispensing process. As the 
carousel rotates one of the doses into a bottomless compartment, the medication drops into a 
receptacle below.  
A 28BYJ-48 DC stepper motor (5V) was employed to rotate the carousel. Like all electric 
motors, it operates by using electromagnetism to generate movement. This motor operates via a 
shaft, which makes discrete angular movements (steps) of uniform magnitude. The motor connects 
to a driver board powered by a ULN2003 IC chip, which connects to the Raspberry Pi. Step size 
is adjusted using a computer program ran on the Raspberry Pi. For this carousel, it moves 15 steps 
in order to make a 360° rotation. A full rotation will dispense medication 14 times and return the 
carousel to its starting position. The motor must in some way be fastened to the main housing. 
Adequate space must be incorporated into the design in order to allow for assembly processes 




Figure 8: 28BYJ-48 Stepper Motor Connected to ULN2003 Driver Board. 
 
After developing a dispensing mechanism, optional features were then considered. Features 
considered included a locking carousel lid and a mounted video camera. Ultimately, it was decided 
to add software-integrated pill detection through the use of a reflective IR sensor and a custom 
Alexa Skill. This IR sensor both emits and detects infrared light. If an object is in the path of the 
infrared light, the infrared light is reflected by the object and detected by its photodiode. As a 
hardware component, the IR sensor module had to be incorporated into the design of the physical 
device. This added increased complexity to the design by requiring the IR sensor to have a constant 
line of vision to the pill receptacle. Green and red LEDs were also included, as the Raspberry Pi 
can be programmed to turn them on or off when the IR sensor detects a pill. As with the stepper 




Figure 9: IR Sensor Module. 
 
4.3 3D Modeling 
After coming up with a concept, a 3D model of the physical device had to be created. This was 
accomplished using the CAD (computer-aided design) software Solidworks. This computer 
program allows for the detailed design of various parts with complex features. Having a visual 
representation of the device would make it easier to analyze the design as a whole and consider 
any potential issues. The completed model could then be printed out of ABS plastic using the 




Figure 10: Fortus 250mc 3D Printer. 
 
The first part to be modeled was the carousel. This part would be a determining factor in the 
positioning of other components. Furthermore, the size of the carousel would take up a majority 
of the length and width dimensions, heavily influencing the overall size. The carousel was 
designed with an outer diameter of 2.25 inches and a depth of 0.5 inches. This would allow for an 
adequate amount of medication to be dispensed 14 times prior to being refilled. An intricate cutout 
was designed into the center of the carousel in order to accommodate the motor shaft and provide 





Figure 11: 3D Model of Pill Carousel Part. 
 
The main housing part was designed next. This size of this part would conclusively determine 
the size of the entire design. The first step was to design a dispensing mechanism into the housing. 
The mechanism would need to be elevated to some degree in order for gravity to assist in 
dispensing of medication below. An elevated motor platform was created to accomplish this. Bore 
holes were designed into the motor platform, with a depth of 1.3cm. These would be expanded 
using a drill during assembly in order to equal 86% of the outer thread diameter of the screw. The 
intention of the bore holes is to create less resistance during drilling and reduce the chance of 
cracking the ABS plastic. A threadforming screw will be inserted after drilling to create an internal 
thread pattern for secure fastening.  
Finally, a dispensing chute was incorporated into the motor platform. This was designed 
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according to the dimensions of a single carousel compartment. Medication will drop from the 
carousel, through the chute, into a removable drawer. Ample space is provided at the base of the 
motor platform to allow for the connection of wires to the computer.  
 
Figure 12: 3D Model of Housing Part's Motor Platform Component. 
 
The design of the housing was then expanded to provide room for the Raspberry Pi, motor 
driver board, and IR sensor components. Since the motor platform required an elevated design, it 
was decided to expand the housing in a way which would allow the Raspberry Pi to be positioned 
vertically. This would reduce the footprint of the device and allow for easy access to the USB-c 
port. A vent was included to prevent overheating of the computer. The computer compartment  




Figure 13: 3D Model of Housing Part's Computer Compartment Component. 
 
The IR sensor and motor driver board would be positioned in a second nearby compartment 
on the anterior face. Strategic positioning of this compartment was essential, as the IR sensor 
would require a line of vision to the dispensed medication. A cutout was made near the bottom of 
the device, under the dispensing chute. This is where the removable drawer will be inserted A 
cutout was also designed into the IR sensor compartment between the pill drawer and the pill chute. 
This provides the line of vision needed for the IR photosensor. The finished housing part has 




Figure 14: 3D Model of Housing Part's IR Sensor Compartment Component. 
 
The next part to be designed was the cover plate for the motor. This provides a flat surface for 
rotation of the carousel. It was decided to expand the cover plate to also house the carousel. This 
was an efficient way to maintain close contact between the motor shaft and the insert of the 
carousel. The cover plate will nest tightly within the housing above the motor. This part succeeds 
in creating stable positioning for the moving parts. A cutout was designed into the cover plate to 
allow for dispensing of medication from the carousel into the chute below. Small circular cutouts 
were also incorporated to accommodate the screws used to fasten the motor. A lip was then created 




Figure 15: 3D Model of Motor Cover Plate Part. 
 
The final step in the 3D modeling process was to design the pill receptacle. It was decided that 
this should be a removable pill drawer. This design was chosen due to the fact that many older 
adults over the age of 65 struggle with hand functioning and manual dexterity. Deteriorating hand 
function can be a result of normal aging and/or a disorder such as arthritis [51]. A removable 
drawer allows the patient to avoid digging in a small compartment for medication.  
This dispensed medication will need to be within view of the IR sensor at all times. A bowl 
shape was used to ensure that it would always fall into the same position, allowing the IR sensor 
to be mounted in a specified position. A drafted feature leading up to the bowl creates a better field 
of vision for the IR sensor without changing the resting place of dispensed medication. The bowl 




Figure 16: 3D Model of Pill Drawer Part. 
 
Covers were then created for the various compartments of the pill dispenser. Three lids needed 
to be designed for the carousel, computer compartment, and IR sensor compartment. The overall 
design of these lids was simple. The inside of the lids are hollow, leaving a narrow area of contact 




Figure 17: 3D Model of Lids for Carousel, IR Sensor and Computer Compartments. 
 
To finish the creation of the 3D model, the device was assembled from its parts using 
Solidworks. A Solidworks assembly is an accurate representation of what the finished product will 
look like after 3D printing. It ensures that the parts will fit within the context of each other. It will 
also make the engineer aware of any parts which conflict in space. Publicly available CAD files 
representing the commercially-available components were included in the design to ensure that 




Figure 18: Anterior View of Pill Dispenser Assembly. 
 





Figure 20: Anterior Exploded View of Pill Dispenser Assembly. 
 




Prior to assembling the plastic parts and electrical components, it is first necessary to setup and 
bench test the circuit. Establishing wired connections to the Raspberry Pi is simple using female-
female jumper wires. The computer features built-in power pins, ground pins, and programmable 
GPIO pins. First the 5V stepper motor circuit was setup, followed by the IR sensor circuit. After 
testing the circuits individually, both components were connected to the Raspberry Pi and tested 
in unison confirming that the Raspberry Pi will supply sufficient power for the entire pill dispenser 
circuit.  
The 28BYJ-48 stepper motor can be purchased with a ULN2003-equipped motor driver board 
for connection to the Raspberry Pi. The coils of the stepper motor can only be connected to the 
board’s outputs in one orientation, simplifying the process. To complete the circuit, the pins of the 
Raspberry Pi must be connected to the motor driver board in order to supply power and perform 
programmed functions. First connect ground to ground (pin 9). Power is supplied via pin 2, a 5V 
power pin. IN1 of the board is connected to pin 7 (GPIO 4). IN2 is connected to pin 11 (GPIO 17). 




Figure 22: Circuit for 28BYJ-48 Stepper Motor and Raspberry Pi. 
 




The circuit for the pill detection system consists of an IR Sensor Module, red and green 5mm 
LEDs, and the Raspberry Pi. To power the indicator lights, make a connection from the shorter leg 
of the LED, the cathode, to a ground pin of the Raspberry Pi. The anode will connect to a GPIO 
pin. Connect the green LED to pin 39 (ground) and pin 3 (GPIO 2). Connect the red LED to pin 
34 (ground) and pin 5 (GPIO 3). For the IR sensor connect GND to pin 6, VCC to pin 4 (5V power 
pin), and OUT to pin 8 (GPIO 14). Once the circuit was setup, it was programmed and tested. 
Afterwards, both circuits were connected to the Raspberry Pi. The electronic components are now 
ready to be assembled with the plastic parts. 
 




Figure 25: Complete Pill Dispenser Circuit. 
 
After successful bench testing of the complete circuit, the assembly of the physical device 
could begin. The first step was to drill out the bore holes to the appropriate diameter. 
Threadforming screws were inserted into the expanded holes prior to positioning the stepper motor 
within the platform. The screws were carefully inserted as there was only one chance to align the 
thread properly. Proper installation of the screws ensures that the stepper motor, motor cover plate, 




Figure 26: Insertion of Threadforming Screws. 
 
The dispensing mechanism of the pill dispenser was now ready to be assembled. The screws 
which were successfully inserted into the housing part were removed and the motor was positioned 
within the elevated platform. The screws were reinserted and partially tightened to establish a 
gentle grip on the motor. The wires were run through the cutaway between the motor platform and 
the IR sensor compartment and connected to the motor driver board. The motor driver board rests 
snugly within the IR sensor compartment.  
The motor cover plate was then positioned atop the motor platform to make certain that the 
screwheads were in the correct location. The motor cover plate was then inserted and tightly nested 
within the housing. The screws were then fully secured. The final step in assembling the dispensing 
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mechanism was the positioning of the carousel. After connecting the carousel to the motor shaft, 
one of the carousel compartments was aligned with the dispensing chute to determine the correct 
starting position for the motor.  
 
Figure 27: Assembly of Dispensing Mechanism. 
 
The computer compartment was assembled next. The LED leads were positioned within the 
cutaways and secured with glue. The next step was to connect wires to all Raspberry Pi pins that 
will be used. The stepper motor and LEDs were connected according to the circuit diagram. The 
three female-female wires for the IR sensor module were connected to the applicable pins of the 
Raspberry Pi. The three wires were then run through the computer compartment cutaway in 
preparation for the next step of the assembly. After connecting all wires to the computer, it could 
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then be dropped into the compartment and secured with double sided mounting tape. The computer 
was positioned against the posterior wall of the device to provide access to the 5V USB-c power 
source.  
 
Figure 28: Assembly of Computer Compartment. 
 
The three wires which were run through the cutaway would then be connected to the IR sensor 
according to the circuit diagram. This is the component which will give commands to the LEDs. 
Positioning of the IR sensor module must be exact, and was a process of trial and error. Velcro 
was attached to both the housing and the IR sensor module to allow for quick repositioning. The 
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IR transmitter and receiver must be precisely angled to provide a line of vision through the cutaway 
to the pill drawer. The receiver must also be positioned centrally with respect to the horizontal and 
vertical axes of the pill drawer. Finally, the detection distance of the IR sensor must be calibrated. 
The receiver must not detect the walls of the housing. The detection distance should be just far 
enough so that it will detect medication within the pill drawer while not detecting the empty pill 
drawer itself. Detection distance can be adjusted on the IR sensor module with the use of a small 
Phillips screwdriver. It can be set from a minimum of 2cm to a maximum of 30cm. After 
determining the exact location for the IR sensor module, it was secured with double sided mounting 
tape. 
 
Figure 29: Assembly of IR Sensor Compartment. 
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The only steps remaining in the assembly process were placing the lids, inserting the pill 
drawer, and connecting the power source. Lids were placed atop the carousel, IR sensor 
compartment, and computer compartment. After connecting to the power source, the device will 
be fully functional provided that the applicable software has been properly setup.  
 











CHAPTER 5 - PROGRAMMING & SOFTWARE DEVELOPMENT 
5.1 Programming the Pill Dispenser Components 
The electrical components that are connected to the Raspberry Pi will be non-functional unless 
programmed. Code can be written in Python to give a variety of commands to the connected GPIO 
pins. Three functions needed to be programmed into the Raspberry Pi which would all run on 
system startup. The first program rotates the Stepper Motor, resulting in a precise amount of 
angular displacement to the carousel equivalent to one carousel compartment. The second program 
toggles the green and red indicator lights based on whether or not medication is detected by the IR 
sensor. The third program communicates the status of the indicator lights to the Alexa device, 
allowing the user to ask Alexa if medication has been dispensed. This program involved the use 
of Alexa Skills Kit to integrate the two devices using a custom Alexa Skill, Pill Time. All Python 
code for the pill dispenser components can be found in the appendices.  
The 28BYJ-48 stepper motor used in the pill dispenser is a DC motor containing four coils. 
Supplying energy to the coils in sequence is what allows the motor to move in discrete steps. In 
this setup, each coil is connected to a different GPIO pin. Coils one through four are connected to 
pins 7, 11, 16, and 18, respectively.  These pins were programmed to become energized in 
sequence, providing a stepping motion. The number of steps and time between steps (delay) was 
adjusted to accommodate the specifications of the pill carousel. It was found that increased delay 
was preferable, as it allows for medication to be dispensed in a more controlled manner. The 
number of steps was determined based on the number of carousels. It takes 512 steps for the motor 
to make a full rotation. Dividing this number by the 15 compartments contained in the carousel 
gives a result of 34, which was the step number used during testing,  
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The programming of the IR sensor circuit involved interfacing the IR sensor module with the 
indicator lights using the programmable pins on the Raspberry Pi. The indicator lights and the IR 
sensor module were connected to pins 3, 5, and 8, respectively. A command was set to register 
when the IR sensor module is detecting an object. This input was then directed through an ‘if’ 
statement to turn on the green light and turn off the red light when medication is available, and 
vice versa.  
The final step was to program a function which would show communication from the 
automatic pill dispenser to the Alexa device. This would require the use of the Alexa Skills Kit in 
addition to Python in order to create a custom Alexa Skill. Another Alexa Skill, Chattyraspi, was 
already set to be used to show communication in the opposite direction by toggling power to the 
device through voice commands directed at Alexa. Programming in Alexa Skills Kit writing the 
interaction model for inputs received from the GPIO pins. Ngrok was used to create a locally-
hosted web server for the custom Skill to be downloaded. The Python script was written to allow 
communication between the pill dispenser Alexa. This script determines how input from the LEDs 
is registered in order to give the correct voice response when the Alexa device is asked, “Is my 
medication ready?” 
5.2 Development of Custom Alexa Skills 
There were two Alexa Skills which needed to be developed. The first is the Dementia 
Education Skill. The second is the Mini-Mental State Examination (MMSE) Skill. Both Skills 
were developed using Alexa Blueprints, which are pre-built templates for Alexa Skills. Questions 
were intentionally designed to be in different formats of Q&A. For example, the Q&A formats 
used in these Skills include: multiple choice, short answer, and fill-in-the-blank. Through the use 
of Blueprints, the creation of these Skills was straightforward. Upon opening the Alexa Blueprints 
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page in the web browser, a list of templates is shown. The template selected for some of the 
questions was the Flashcard Skill. After selecting this template, the browser opens a new page 
allowing information to be programmed by typing questions and answers into the interface. Alexa 
can recognize users by name and keep score. The device can also play a custom tone based on 
whether or not the question was answered correctly. The MMSE Skill scores can be tallied to 
determine the presence or severity of dementia. 
5.3 Integration of Alexa Skills 
Numerous Alexa Skills were integrated to establish the safety-oriented smart home. These 
programs are what provides Alexa with the capability to perform a large variety of custom 
functions. As shown in this thesis, it is possible to integrate these Skills and repurpose them to be 
used in a healthy aging-in-place environment. Some of the Skills used are publicly, and others 
were developed specifically for this project. After development of the Skill, this process is 
straightforward and only requires installing the Skill on an Alexa device. Skills were selected and 
installed based on the needs of the automatic pill dispenser and other COTS devices. Additional 
Skills were used to show the self-contained software capabilities of the Alexa device.  
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CHAPTER 6 – TESTING THE SMART HOME ENVIRONMENT 
6.1 Testing the Alexa-compatible Automatic Pill Dispenser 
The Alexa-compatible automatic pill dispenser was successfully assembled and tested to 
produce the expected result. There are many different ways for the user to interact with the pill 
dispenser. Using the Alexa Skill Chattyraspi, the pill dispenser is turned on using the voice 
command, “Alexa, turn on the pill dispenser.” This voice command shows communication from 
the Alexa device to the pill dispenser.  
All programs required for the pill dispenser to function automatically run on startup of the 
device. When the device is turned on, the red indicator light will be lit up, indicating that there is 
no medication in the pill drawer. With the use of the custom Pill Time Skill, it is possible to ask 
Alexa, “Is my medicine ready?” At this time, Alexa will receive communication from the 
Raspberry Pi and respond with the statement, “No, your medicine is not ready.”  
Shortly after the pill dispenser is turned on, the first dose is dispensed. The IR sensor will detect 
this dispensed medication and turn on the green indicator light as a result of the Python script 
running on the Raspberry Pi. Now that medication has been dispensed, Alexa is ready to give that 
information. The question is asked once again, “Alexa, is my medicine ready?” This time the IR 
sensor is detecting an object, and relays that information to the Alexa device. Alexa responds 
accurately, “Yes, your medicine is ready.”  
Medication is now removed from the pill drawer and the drawer is reinserted in preparation 
for the next dose. After the medication is taken, it is recommended to inform Alexa using the 
PillPopper Skill. Alexa will register and store this information. Using the PillPopper Skill, Alexa 
will inform the user of the next scheduled dosing time when asked. 
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The only difficulty that was experienced during testing was with the IR sensor. Without 
changing the position of the IR sensor module, its detection range would range with time. It was 
decided that this is due to the close-quarters detection that is required. The IR sensor was not 
sensitive enough to function consistently due to the small discrepancy in distance between the 
dispensed medication and the pill drawer itself. This interferes with proper functioning of the LED 
indicator light mechanism and the function of the custom Pill Time Skill, as it relies on the LEDs 
to give feedback on medication status. A future iteration of the pill dispenser should use either an 
IR sensor with a higher sensitivity, or a different detection mechanism.  
 




Figure 33: Green Light Indicating Medication is Ready. 
 
6.2 Testing of COTS Devices 
The COTS devices used in this study were tested for proper functionality and to display the 
capabilities that come along with the integration of these devices. The COTS devices integrated 
include the Omron 5 Series blood pressure monitor paired with the Omron Health Skill, the 
Withings Body+ Scale paired with the Withings Health Mate Skill, and the C by GE smart bulb 
paired with the C by GE Skill. The interface and functionality of the associated phone apps was 
inspected in order to view how stored data would be represented by Alexa-compatible devices. All 
devices were successfully integrated and tested. 
The Omron 5 Series blood pressure monitor was the first COTS device to be tested. Numerous 
readings were taken to establish consistence and to determine how the device would respond to 
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abnormal readings for blood pressure and pulse. Figures (blank) and (blank) show how readings 
are represented within the phone app. The average of the readings and the trend of the readings 
were easily viewed. Abnormal readings were highlighted using ‘warning’ colors such as red and 
orange.  
 




Figure 35: Average Blood Pressure Readings. 
 
The next COTS device to be integrated was the Withings Body+ Scale. Stepping on the scale 
takes a measurement of weight and displays various body composition metrics (body fat, bone 
mass, water percentage) on the digital display of the scale itself. Upon inspection of the Withings 
Health Mate phone app, it shows additional features which were not expected. One of these 
features is to display daily steps and average steps for each day. More surprisingly was the 
capability of the app to store readings from the blood pressure monitor in addition to its own 




Figure 36: Latest Measurements from Withings Body+ Scale. 
 
Figure 37: Body Composition Information. 
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The final COTS device to be integrated was the C by GE smart bulb and smart plug. Power 
was toggled within the phone app, or by using voice commands directed at an Alexa device. It is 
also possible to adjust the dimness of the bulb by using the same methods. Alexa was capable of 
toggling the smart bulb regardless of its position in the home.  
All integrated devices performed their intended purpose. It can be seen that the setup and use 
of these devices is quite simple. The use of these devices is necessary forming the basis of the 
smart aging-in-place environment. If used appropriately within the home on a daily basis, these 
devices could contribute to a reduced chance of negative health outcomes. 
6.3 Testing of Custom Alexa Skills 
The first skill to be tested was the Dementia Education Skill. The Skill is opened on the Alexa 
device by saying, “Alexa, open Dementia Education.” Upon opening the Skill, Alexa will ask a 
series of questions targeted at informing providers, caregivers, and patients about dementia. 
Questions are asked using a variety of Q&A methods. Alexa successfully read all questions and 
answers correctly, and was able to determine the accuracy of the user response. A custom tone is 




Figure 38: Dementia Education Skill Short Answer Question. 
 
 
Figure 39: Dementia Education Skill Multiple Choice Question. 
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The remaining Skill to be tested was the Mini-Mental-State-Examination (MMSE) Skill. 
Functionality was shown to be similar to the Dementia Education Skill, but with different Q&A 
methods. One example is displaying two common objects on the screen for the user to identify. 
This is one of the questions used in the MMSE for determining the presence or severity of 
dementia. As with the Dementia Education Skill, Alexa was able to successfully read all 
questions and answers correctly, and was able to determine the accuracy of the user response. 
















CHAPTER 7 - CONCLUSIONS & FUTURE WORK 
7.1 Conclusions 
A smart home system was successfully integrated in order to create a healthy aging-in-place 
environment. The healthcare capabilities of Alexa voice assistant technology were shown through 
the integration of COTS devices and various Skills. Telemedicine capabilities were featured in the 
system through the programming of dementia-targeted quizzes of different purposes. Finally, an 
Alexa-compatible automatic pill dispenser was developed from the ground up including design, 
3D modeling, and programming of the functions. Including this device in the smart home system 
provides an example of how custom devices can be integrated as well. 
The COTS devices included in this study were a blood pressure monitor, a body scale, and a 
smart bulb. These devices form the basis of the smart home system. Each serves a specific purpose 
in regards to healthcare and safety. The integration of COTS devices was a simple process 
involving Alexa Skills. The use of such devices in the home will allow geriatric patients to take a 
more active role in their health and reduce the probability of negative health outcomes. 
Alexa’s potential as a telemedicine platform was successfully displayed. The device is capable 
of hosting appointments and the monitoring and assisting in the monitoring of health through the 
use of COTS devices. Custom Alexa Skills show that the platform can also be used for education 
of providers, caregivers and patients, as well as potentially assisting in diagnosis. The Dementia 
Education Skill shows how quizzes can be programmed using different forms of Q&A interaction. 
The Mini-Mental State Examination (MMSE) Skill shows how the system could be used to 
monitor the onset or worsening of dementia. The integration of these custom Skills shows the self-
contained software capabilities of the Alexa platform. It also shows how custom Skills can make 
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Alexa a useful device all on its own for the aging adult seeking to take better care of their health. 
A 3D model of the Alexa-compatible automatic pill dispenser was successfully created using 
the CAD software Solidworks. The necessary parts were then printed from ABS plastic using the 
Fortus 250mc 3D printer. The device was successfully assembled and tested to produce the 
expected result. Functions which controlled the stepper motor, IR sensor, and indicator lights were 
programmed using Python. The device was integrated within the smart home system and two-way 
communication was shown between the pill dispenser and Alexa. A future iteration of the pill 
dispenser should use either a more sensitive IR sensor, or a different detection mechanism. 
7.2 Future Work 
The healthy aging-in-place environment established in this thesis can be expanded and 
improved. The devices that were used form a basis for the Alexa-integrated smart home aimed at 
geriatric healthcare. Through the integration of additional hardware and software its functionality 
could be increased further. Examples of additional COTS devices which would be useful to include 
are smart watches, smart thermometers, and fall sensors. A recent product which was released by 
Amazon are the Echo Frames. These glasses allow the user to take Alexa ‘on-the-go’ and interact 
with integrated devices from outside the home using their phone [52]. 
Additional custom devices could also be integrated. The concept, design, and integration 
process of more custom devices would be up to the discretion of the engineer seeking to improve 
the healthy aging environment. The functionality of custom Alexa-compatible automatic pill 
dispenser designed in this study could also be improved through the use of additional features and 
components. Producing multiple larger-scale models of the current design would show how the 
dispenser can be useful for any patient regardless of the amount of daily medication that they take. 
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Additional features which could be included are a locking mechanism for the lid, and a 
mounted video camera. These would increase the security of the device by ensuring the correct 
person was accessing the pill carousel at all times through the use of facial recognition. The video 
camera could also be programmed to register when the medication is taken and automatically 
update this information into the system. This pill dispenser concept could even be expanded to 
other branches of healthcare such as drug rehabilitation where medication intake is strictly 
scheduled and monitored.  
The software capabilities of the Alexa device itself could also be expanded through the use of 
additional Skills. Numerous Skills were used for this project, but the number is minute compared 
to the amount of Skills that are available. The development of custom Skills aimed at improving 
the healthy aging-in-place environment has vast potential and is a necessary step to take in order 
to further the concept. Amazon is continuing to work with healthcare companies to develop 
HIPAA-compliant Skills. These Skills will provide increased access to protected health 
information by the Alexa device, allowing for expanded software capabilities that could potentially 












enable_pin = digitalio.DigitalInOut(board.D18) 
coil_A_1_pin = digitalio.DigitalInOut(board.D4) 
coil_A_2_pin = digitalio.DigitalInOut(board.D17) 
coil_B_1_pin = digitalio.DigitalInOut(board.D23) 
coil_B_2_pin = digitalio.DigitalInOut(board.D24) 
 
enable_pin.direction = digitalio.Direction.OUTPUT 
coil_A_1_pin.direction = digitalio.Direction.OUTPUT 
coil_A_2_pin.direction = digitalio.Direction.OUTPUT 
coil_B_1_pin.direction = digitalio.Direction.OUTPUT 




enable_pin.value = True 
 
def forward(delay, steps): 
    i = 0 
    while i in range(0, steps): 
        setStep(1, 0, 1, 0) 
        time.sleep(delay) 
        setStep(0, 1, 1, 0) 
        time.sleep(delay) 
        setStep(0, 1, 0, 1) 
        time.sleep(delay) 
        setStep(1, 0, 0, 1) 
        time.sleep(delay) 
        i += 1 
 
def backwards(delay, steps): 
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    i = 0 
    while i in range(0, steps): 
        setStep(1, 0, 0, 1) 
        time.sleep(delay) 
        setStep(0, 1, 0, 1) 
        time.sleep(delay) 
        setStep(0, 1, 1, 0) 
        time.sleep(delay) 
        setStep(1, 0, 1, 0) 
        time.sleep(delay) 
        i += 1 
 
def setStep(w1, w2, w3, w4): 
    coil_A_1_pin.value = w1 
    coil_A_2_pin.value = w2 
    coil_B_1_pin.value = w3 





    user_delay = input("Delay between steps (milliseconds)?") 
    user_steps = input("How many steps forward? ") 
    forward(int(user_delay) / 1000.0, int(user_steps)) 
    user_steps = input("How many steps backwards? ") 




IR Sensor and LEDs 




IO.setup(2,IO.OUT) #Red LED as output 
IO.setup(3,IO.OUT) #Green LED as output 
IO.setup(4,IO.OUT) #IR sensor as input 
while 1: 
 if(IO.input(14)==True): #object is far away 
  IO.output(2,True) #Red LED on 
  IO.output(3,False) #Green LED off 
 if(IO.input(14)==False): #object is near 
  IO.output(3,True) #Green LED on 




Pill Time Custom Skill 
# Add necessary packages/libraries. 
import RPi.GPIO as GPIO  # RPi pins mode settings 
from time import sleep   # to generate a delay 
from flask import Flask  # Python framework for Alexa   
from flask_ask import Ask, statement, convert_errors   # Python Framework 
import logging  #  Python Log Handler 
#----------------------------------------------------------------------- 
#----------------------------------------------------------------------- 
# settings to establish communication link 
app = Flask(__name__)   #flask object 
ask = Ask(app, '/') 
logging.getLogger("flask_ask").setLevel(logging.DEBUG) 
@ask.intent('GPIOControlIntent', mapping={'status': 'status', 'pin': 'pin'})  #decorator: to ask 
anything from alexa 
def gpio_control(status, pin): 
    pinNum= int(pin) 
    status = 'on' 
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    GPIO.setmode(GPIO.BCM)  # settings software based pins numbering (unlike board 
numbers) 
    GPIO.setup(3, GPIO.OUT)  # GPIO_3 pin set as output pin for the Green Led interface 
(Medication is ready) 
    GPIO.setup(2, GPIO.OUT)  # GPIO_2 pin set as output pin for the Red Led interface 
(Medication is not ready) 
    a = 1 # This status variable should be placed inside the code  
            # where dispenser states are changing and simultaneously  
            # variable 'a.' value should change accordingly. 
    if a==1: 
        GPIO.output(3, True)  # turn Green Led ON 
        sleep(2)   # 2 seconds delay 
        GPIO.output(2, False)  # turn Red Led OFF 
        return statement('Medication is ready') 
    elif a==0: 
        GPIO.output(3, False)  # turn Green Led OFF 
        sleep(2)   # 2 seconds delay 
        GPIO.output(2, True)  # turn Red Led ON 
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        return statement('Medication is not ready') 
    else: 





Appendix B: Alexa Skills Kit 
Pill Time Custom Skill 
Install the necessary packages e.g. (Flask, Python, etc.) 
Goto serial Terminal and write 
sudo apt-get update && sudo apt-get upgrade -y 
sudo pip install Flask flask-ask 
Note: 
Make sure you have set the Wifi Connection and downloaded the Ngrok Setup and unzip the 
file from the home directory (using serial terminal window) as: 
unzip /home/pi/ngrok-stable-linux-arm.zip 
and run it  
sudo ./ngrok http 5000 
The next step is to open another terminal window and run the .py script simultaneously i.e.: 









Goto AWS Account (log in or create) and get started with Alexa Skills Kit 
Alexa Skill information : 
Set the Skill Name to 'GPIO Control' and invocation name of your choice. Click 'Next' to 
continue. 
Alexa Skill – Interaction Model: 
















































Next, Paste the following in the box “Sample Utterances” 
GPIOControlIntent to check pin {pin} {status} 
Click on 'Save' and then 'Next'. 
 
 
Alexa Skill – Configuration 
Select 'HTTPS' as the Service Endpoint Type and select a region. 
 
 
Enter the ngrok URL (see from Ngrok Setup(Forwarding URL)Window) and click 'Next. 




Alexa Skill - SSL Certificate 
Select the 'My development endpoint is a sub-domain of a domain that has a wildcard 
certificate from a certificate authority' option and click 'Next. 





When the Skill enabled :  
Syntax: 
Alexa, tell Raspberry Pi to check pin {pin number} {state or off} 
Enter : 
Alexa, tell Raspberry Pi to check pin twenty-two state 
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